INTRODUCTION
Acute or chronic pain is one of the most common symptoms suffered by patients with cirrhosis secondary to various comorbidities. Pain relief is essential to improve quality of life for these patients. The management of pain in these patients, however, is a clinical challenge to physicians and a source of considerable misconception and concern among physicians. Various types of analgesics can be used in the treatment of pain. The prescription of the proper type of analgesics is important to relieve pain more effectively and avoid unnecessary adverse events.
Analgesics including non-steroidal anti-inflammatory drugs (NSAIDs) and acetaminophen, are some of the most frequently prescribed drugs in patients with cirrhosis. Cirrhotic liver is vulnerable to cellular injury by many drugs. Many drugs increase the risk of hepatic injury and exacerbation of clinical sequelae in patients with cirrhosis.
Although acetaminophen is known as a hepatotoxic drug at higher dose, it can be used safely in maximum daily dose of 2 to 3 grams per day or up to 4 grams per day in the short term in most patients with cirrhosis, including those who regularly consume alcohol (1) . NSAIDs can cause gastrointestinal bleeding, hepatic injury, and acute kidney injury more frequently in patients with cirrhosis. NSAIDs can also cause new-onset ascites in patients with compensated cirrhosis or makes it difficult to control existing ascites. As a rule, NSAIDs should be used cautiously in patients with cirrhosis (2) .
Although analgesic are commonly used and can affect the natural course of disease in patients cirrhosis, there are few recommendations regarding the proper use of analgesics in this population (2) (3) (4) . To our knowledge, there are only a few reports such as physician opinions or prescription patterns related to analgesics and these reports were based on the survey of a small number of patients (5, 6) . Therefore, this study assesses the prescription pattern of analgesics in patients with liver cirrhosis and examines the differences in prescription patterns among physician types.
Patients selection
First, we identified all patients greater than 20 years of age diagnosed with liver cirrhosis using ICD-10 code K746 between January 2012 and December 2012 from HIRA data. Those who had at least one prescription for acetaminophen or NSAIDs with a diagnostic code of cirrhosis (ICD-10 code K746) were included in this study cohort. Patients with concomitant diagnoses of cancer (ICD 10 code C) were excluded. The reimbursement claims for analgesics in patients with cirrhosis were reviewed for one year period following enrollment in this study.
Data collection
Information was collected about the following patient characteristics: age, gender and cause of cirrhosis (e.g., viral hepatitis B and C, as well as other causes). Cause of cirrhosis was defined as cirrhosis with diagnostic code such as viral hepatitis B and C. Compensated cirrhosis was defined as being free from sequelae associated with cirrhosis. Decompensated cirrhosis was defined as cirrhosis with sequelae such as ascites, variceal bleeding, hepatic encephalopathy or hepatorenal syndrome. To identify decompensated cirrhosis, ICD-10 code of each sequelae were selected and patients who have at least one sequelae code during six months prior to study enrolment were defined as decompensated cirrhosis. The duration and number of prescriptions for acetaminophen or NSAIDs were retrieved and collated. Any types of medication with oral acetaminophen or NSAIDs as the chief ingredient were included. NSAIDs included ketoprofen, ibuprofen, dexibuprofen, naproxen, fenoprofen, dexketoprofen, loxoprofen, indomethacin, sulindac, etodolac, ketorolac, diclofenac, aceclofenac, nabumetone, piroxicam, meloxicam, tenoxicam, lornoxicam, mefenamic acid, flufenamic acid and celecoxib. Aspirin was excluded from the analysis because it was rarely prescribed for pain control and there are no studies about the effect of low dose aspirin on disease course in patients with cirrhosis.
We then evaluated the prescription pattern of acetaminophen and NSAIDs. Given the large variety of NSAIDs used, we were unable to analyze all those prescribed. However, the three most commonly prescribed NSAIDs accounted for the majority (70%), and we therefore analyzed the top three drugs. The duration of prescription was based on the sum of the total number of days each drug was prescribed during the one year follow-up period. Long-term prescriptions was defined as drugs prescribed for 15 days or longer. Mean daily dose was calculated by dividing the total dose administered by the total number of patients and days used. Defined daily dose (DDD) is the typical maintenance dose required per day for a drug prescribed for its main indication in adults (7) . We evaluated the frequency of drug use by dividing prescriptions into regular use (≥ 0.5 DDD/ day) and intermittent use (< 0.5 DDD/day).
Subgroup analysis was performed for compensated cirrhosis and decompensated cirrhosis as well as physician practice type, divided into gastroenterologists, internists, and other physicians. Internists was defined as specialists for internal medicine including gastroenterologists and other physicians was defined as specialists other than internists. When analyzing the prescription pattern between internists and other physicians and between gastroenterologists and other internists, we compared the total number of prescriptions written by each group rather than the total number of prescribing doctors.
Statistical analysis
The distribution of sex, age, medication use and comorbidities was expressed as a frequency (with %). The distribution of sex, age, medication use and comorbidities was expressed as a frequency (with %). To determine the prescription rate of acetaminophen and NSAIDs, the prescriptions were categorized by chief ingredient code. To determine the day used of analgesics, the prescriptions were categorized by the duration of days in each prescription [divided into two group (< 15 days, ≥ 15 days)]. Mean daily dose was calculated by dividing the total dose administered by the total number of patients and days used. To determine the frequency of drug use, the mean daily dose was categorized by DDD [divided into two group (0 < DDD < 0.5 DDD/day, ≥ 0.5 DDD/day)]. Statistical analysis of categorical variables was performed using χ 2 tests. All statistical analyses were performed using SAS software, version 9.1 (SAS Institute, Cary, NC, USA), and two-sided P value below 0.05 was considered significant. 
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RESULTS
Overall prescription of analgesics A total of 125,505 patients with liver cirrhosis were registered from January 1, 2012 to December 31, 2012. The study population consisted of 50,798 (40.5%) patients from that group who claimed reimbursement for at least one prescription for acetaminophen or NSAIDs during the study period, after excluding patients with concomitant diagnoses of cancer (ICD 10 code C, n = 12,621). A majority of the patients were male (61%), with mean age of 56.7 years. Approximately 60% had chronic viral hepatitis as the potential cause of cirrhosis. The characteristics and sequelae of cirrhosis in these patients are summarized in Table 1 .
Among 50,798 patients in the study, 32,739 (64.5%) claimed at least one prescription for acetaminophen and 42,029 (82.7%) claimed at least one prescription for NSAIDs. Upper respiratory infections, including acute bronchitis and acute tonsillitis, as well as primary gonarthrosis were the most common diseases precipitating prescription of acetaminophen or NSAIDs. NSAIDs were more frequently prescribed than acetaminophen (82.7% vs. 64.5%). The most frequently prescribed NSAIDs were loxoprofen, aceclofenac and dexibuprofen. NSAIDs and acetaminophens were predominantly used for short-term duration (< 15 days). Acetaminophen was prescribed at a daily dosage of 1,758.9 mg (± 607.1 mg) daily and was prescribed for regular use (at 50% or more of the defined daily dose) in 71.9%. Almost all NSAIDs were prescribed for regular use (Table 2) .
Prescription patterns for compensated cirrhosis or decompensated cirrhosis
The prescription pattern of acetaminophen was not significantly different for compensated and decompensated cirrhosis patients (64.4% vs. 68.8%). Although the number of prescriptions for NSAIDs were lower for patients with decompensated cirrhosis compared to those with compensated cirrhosis, NSAIDs prescription still exceeded acetaminophen prescription in patients with decompensated cirrhosis (71.5% vs. 68.8%, P < 0.001).
There were no significant differences in duration of prescription, including short-term prescription of less than 15 days, for acetaminophen or NSAIDs between patients with compensated and decompensated cirrhosis. However, NSAIDs tended to be prescribed for a shorter duration in patients with decompensated cirrhosis compared to those with compensated cirrhosis (26.5 days vs. 29.8 days, P = 0.067).
Regular use of acetaminophen (≥ 0.5DDD/day) was decreased in patients with decompensated cirrhosis compared to patients with compensated cirrhosis (54.7% vs. 72.3%). Regular use of NSAIDs (≥ 0.5DDD/day) did not differ between patients with decompensated and compensated cirrhosis. Almost all NSAIDs were prescribed at a level of regular use (≥ 0.5DDD/ day) in both patients groups (Table 3) .
Prescription pattern according to practice types
There was a marked difference in prescription preference between internists and other physicians. Internists more frequently prescribed acetaminophen compared to other physicians (50.9% vs. 23.8%, P < 0.001) (Fig. 1) . There was no difference in duration of prescription of acetaminophen and NSAIDS between internists and other physician groups. Internists more frequently prescribed acetaminophen for regular use than other physicians (70.3% vs. 66.3%, P < 0.001). Both groups prescribed NSAIDs for regular use in almost all cases (Supplementary Table 1 ).
There was also marked difference in prescription preference of acetaminophen and NSAIDs between gastroenterologists and other internists. Gastroenterologists more frequently prescribed acetaminophen than NSAIDs compared to other internists (80.9% vs. 48.8%, P < 0.001) (Fig. 2) . Gastroenterologists prescribed acetaminophen and NSAIDS for longer use than other internists (7.3 days vs. 4.0 days for acetaminophen and 13.4 days vs. 6.2 days for NSAIDs, P < 0.001 respectively). Gastroenterologists also more frequently prescribed both acetaminophen and NSAIDS for long-term duration (greater than 15 days) compared to other internists (11.5% vs. 2.5% for acetaminophen and 27.7% vs. 8.0% for NSAIDs, P < 0.001 respectively). However, gastroenterologists less frequently prescribed acetaminophen for regular use than other internists (46.7% vs. 73.1%). Both groups prescribed NSAIDs for regular use (50% or more of the defined daily dose) in almost all cases, although, gastroenterologists tended to less prescribe NSAIDs for regular use than other internists (Supplementary Table 2 ).
DISCUSSION
This study shows that most patients with cirrhosis were expos ed to NSAIDs over the course of the study. Considering that NSAIDs are over-the-counter analgesics (OTCAs), we assume that they are used frequently in patients with cirrhosis. Moreover, physicians prescribe the NSAIDs more frequently than acetaminophen in patients with cirrhosis, even when decompensated. Decompensated cirrhosis is characterized by the development of ascites, variceal bleeding and encephalopathy. It is at this stage of cirrhosis that the patient is at risk of dying from liver disease (8) . Acute-on-chronic liver failure (ACLF) which is an increasingly recognized entity can precipitate decompensation in the compensated patient or lead to further deterioration in the decompensated patient (9) . ACLF usually results from various precipitating factors, including infections, alcoholic hepatitis, superimposed viral hepatitis, portal thrombosis and ischemic hepatitis. Drug-induced hepatotoxicity is known as one of the most important causes of ACLF. Since acetaminophen and NSAIDs are frequently prescribed, there is concern about their use in patients with cirrhosis secondary to hepatotoxicity.
Acetaminophen is commonly prescribed for acute or chronic pain. It is well known for direct hepatotoxicity potential at high dose, and is one of the most common drugs implicated in acute hepatic failure. Moreover, acetaminophen has been reported to cause hepatic failure and death at therapeutic doses in patients with alcoholism. In one study, although 54% of patients ingested 6 grams or less per day and 30% ingested less than 4 grams per day according to patient report, the overall mortality rate NSAIDs, nonsteroidal anti-inflammatory drugs; DDD, defined daily dose. 
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Gastroenterologist
Acetaminophen NSAIDs reached 20% (10) . Several studies have evaluated the safety and efficacy of acetaminophen administration in patients with cirrhosis. A study of physician recommendations by Rossi et al. (5) suggested that doses of 2 g or less is safe in patient with cirrhosis. In another survey conducted by Lucena et al. (11) , acetaminophen was safely used as a daily dosage of 3 g even in those with alcoholic cirrhosis. It has also been reported that daily doses of 4 g over the course of 2 weeks in healthy adults can lead to marked, but clinically silent, elevations in aspartate transaminase and alanine transaminase (12) , although another study showed no significant alanine transaminase elevations with doses up to 4 grams daily when used for shorter periods (1) . As a result, most physicians conclude that acetaminophen is safe in patients with cirrhosis at a reduced dose (2-3 grams or less per day) for short treatment duration (5, 6) .
Other internists
Most NSAIDs are largely metabolized by hepatic cytochrome P450 enzyme and heavily protein bound (13) . Thus serum level of NSAIDs can be increased in patients with cirrhosis due to altered metabolism and bioavailability of NSAIDs (14) . NSAIDs can produce deleterious effects on patients with cirrhosis through idiosyncratic acute hepatocellular necrosis or cholestatic damage and can lead to fatal liver injury (15, 16) . Moreover, NSAIDs can inhibit prostaglandin synthesis in the renal arteries, causing vasoconstriction of the renal arteries, and can lead to a decreased glomerular filtration rate, thereby blunting the natriuretic effect of diuretics and reducing sodium and water excretion in patients with cirrhosis (17, 18) . Additionally, NSAIDs cause gastroduodenal mucosal injury and lead to bleeding from gastric erosions, peptic ulcers, gastroesophageal varices, or portal hypertensive gastropathy. NSAIDs can likewise increase bleeding risk as a result of thrombocytopenia and coagulopathy associated with advanced liver disease (19) . There are several studies that reported renal impairment and gastrointestinal hemorrhage related with NSAIDs (20) (21) (22) (23) . It is generally recommended that NSAIDs should be used cautiously in patients with cirrhosis (2) .
The findings of this study suggest that physicians generally have lower awareness of the potential harmful effects of NSAIDs, and are more concerned about the hepatotoxicity of acetaminophen, despite occurrences only at higher dose. The difference in prescription patterns was more apparent when compared by physician practice type. Internists prefer acetaminophen to NSAIDs when compared with other physicians and gastroenterologists have a much greater preference for acetaminophen over NSAIDs when compared with other internists. This suggests that physicians with more opportunities to treat patients with liver cirrhosis are generally more aware about the potential harmful effects of NSAIDs, and less concerned about the hepatotoxicity of acetaminophen.
Fortunately, internists and other physicians prescribed both acetaminophen and NSAIDs in short-term duration. However, both groups predominantly prescribed acetaminophen for regular use, at 50% or more of the defined daily dose, and prescribed NSAIDs for regular use in almost all cases. This difference may be related to differences in pain-related disease entities. Gastroenterologists prescribed acetaminophen for longer in general and more frequently for long-term duration than other internists and physicians, but less frequently at 50% or more of the defined daily dose. Gastroenterologists also prescribed NSAIDs for longer in general than other internists and more frequently prescribed NSAIDs for long-term duration compare to other internists. This findings may suggest that even gastroenterologists are not fully attentive to the potential harm of NSAIDs in patients with cirrhosis. There are only a few reports evaluating physician opinions and prescription patterns for analgesics in patients with cirrhosis (5, 6) . These reports show that overall prescription pattern of the analgesics favors NSAIDs, which is similar to our findings. In addition, these suggest that the guidelines for the safe use of analgesics in patients with cirrhosis should be further explored because there appears to be hesitancy in recommending analgesics in patients with liver cirrhosis (5). However, these reports do not adequately reflect real community medical practice situations because of the small sample size and also because surveys were performed only in tertiary care hospitals.
These findings of our study should be interpreted cautiously because of a few limitations. Firstly, our study has the possibility of under or overestimation of the number of study population. Although liver cirrhosis is diagnosed as pathologic findings, the diagnosis of the liver cirrhosis is possible using the radiologic and laboratory findings. Because HIRA data do not provide the radiologic and laboratory findings and result in potential limitation of defining liver cirrhosis by ICD code. Secondly, there is the possibility of incomplete coding of sequelae of liver cirrhosis, especially less dramatic events like ascites or jaundice. Therefore, decompensated liver cirrhosis group could not be fully evaluated in this study. Thirdly, we were not able to review prescriptions for analgesics for all disease entities. The small number of disease entities might have led to a bias, which could be related to the prescription frequency and dose. Also, acetaminophen and NSAIDs can be used for fever as well as pain. We should consider that internists who treat more patients with liver cirrhosis can frequently prescribe the acetaminophen as confounding factor. Finally, because we did not identify the actual administration dose and duration of analgesics by reviewing medical records, the findings of our study may be different from the exposure of analgesics to the patients.
In spite of these limitations, this study highlights the physician misconceptions and awareness of potential hepatotoxicity associated with acetaminophen and NSAIDs. Many physicians seem to be more concerned about the hepatotoxicity of acet-aminophen and less aware of the adverse effects of NSAIDs. Therefore, the potential harm of NSAIDs in patients with cirrhosis should be emphasized to all physicians who treat patients with cirrhosis.
This large-scale population study will provide valuable information regarding the prescription pattern of acetaminophen and NSAIDs in patients with cirrhosis and will help to establish guidance for the safe use of analgesics in patients with cirrhosis.
